I n 2009, a study by Ibrahim et al. 1 reported similar rates of ESRD and mortality for living kidney donors and controls from the general population. Furthermore, glomerular filtration rates were preserved after donation, with normal levels of albumin excretion. 1 More recent reports have described an increased risk of ESRD and mortality among living kidney donors compared with either matched or unmatched individuals from the general population. 2, 3 However, these reports do not detail the outcomes of MCLDs with PCs, such as hypertension (HT), dyslipidemia, glucose intolerance (GI), and obesity.
Analyses of living donors with ESRD have shown that these PCs may contribute heavily to ESRD development. 4, 5 Before nephrectomy, pathological findings of baseline biopsies can be useful for evaluating the presence of existing kidney disease as a consequence of PCs. 6, 7 However, the management of PCs after nephrectomy has not been investigated, and previous studies have been based on analysis of living donors with ESRD. Determining the consequences of organ donation in MCLDs requires detailed analysis of the outcomes of donors in relation to PCs. In this study, we aimed to compare MCLDs with PCs with HLDs (with no PCs) in terms of the pathological findings of baseline biopsies, postoperative renal function, ESRD, and mortality rates.
METHODS

Study Design
This retrospective cohort study was approved by the institutional review board of the Nagoya Daini Red Cross Hospital and was conducted according to the principles of the Declaration of Helsinki. Living-donor kidney transplantation was performed according to the Declaration of Istanbul. To evaluate the effect of PCs on postoperative renal function and short-term mortality in MCLDs, donors were stratified into 4 groups according to the number of PCs present: the HLD, MCLD (PC 1), MCLD (PC 2), or MCLD (PC 3) group. To assess the condition of the remaining kidney at baseline, a biopsy was obtained and was evaluated by a transplant pathologist. Postoperative renal function, eGFR, and protein content of urine collected over 24 hours were compared between MCLDs (PC 1-3) and HLDs. The rates of short-term ESRD and mortality of MCLDs (PC 1-3) were compared with those of HLDs. To determine the medical condition of donors during follow-up, we evaluated postoperative changes in low-density lipoprotein (LDL) cholesterol, triglyceride, high-density lipoprotein (HDL) cholesterol, and fasting blood glucose levels, as well as HbA1c, systolic blood pressure, diastolic blood pressure, and body mass index (BMI). This study is reported in accordance with the STrengthening the Reporting of OBservational studies in Epidemiology (STROBE) guidelines.
Follow-up Assessments
Postoperative assessments of HLDs were carried out at 1, 3, 6, and 12 months after transplantation, then annually thereafter. Follow-up of MCLDs was carried out every 1 to 3 months. During each visit, donors were educated on lifestyle changes by transplant coordinators. Systolic and diastolic blood pressure, LDL cholesterol levels, triglyceride levels, fasting glucose levels, and BMI were measured at each visit. Measurement of HbA1c was performed for donors who had been preoperatively treated for GI and whose fasting glucose levels reached >126 mg/dl during follow-up. Measurement of HDL levels was carried out only in donors whose postoperative LDL cholesterol and triglyceride levels rose beyond the optimal ranges referred to in the guidelines. 8 This was primarily because lipoprotein fraction tests are not covered by the National Insurance in Japan. When lifestyle changes failed to control HT, dyslipidemia, and GI, donors were treated with medication according to the Japanese guidelines for the treatment of chronic kidney disease. 8 
Participants
We recruited all consecutive living donors who underwent kidney transplant procedures at our hospital between January 2008 and December 2016. Patients were followed until December 2017. Patients with limited follow-up data (<5 months) were excluded. All donor data were retrospectively collected from their medical records. As such, the need for informed consent was waived.
Donor Selection
The selection and consent process for living kidney donors is described in the Supplementary Methods.
Definition of Pathological Conditions From Baseline Biopsy
Baseline biopsies of the grafts were obtained 1 hour after reperfusion. Pathological conditions were identified from baseline biopsies by a transplant pathologist who evaluated the presence of interstitial fibrosis, tubular atrophy, glomerulosclerosis, and arteriolosclerosis. Histological changes were scored according to the 2007 Banff classification system; positive changes were defined as presence of interstitial fibrosis, tubular atrophy of >5%, any arteriolosclerosis, and any global glomerulosclerosis. [9] [10] [11] Preoperative Comorbidities PCs included HT (defined as blood pressure >140/90 mm Hg or treatment with blood pressure-lowering medications), dyslipidemia (defined as LDL cholesterol >140 mg/dl, triglyceride level >150 mg/dl, and HDL cholesterol <40 mg/dl or treatment with lipid-lowering agents), GI (defined as impaired fasting glycemia, impaired glucose tolerance, or diabetes mellitus that was treated with medication to achieve an HbA1c <6.5% and an albumin/creatinine [Cr] ratio <30 mg/g Cr), and obesity (defined as BMI >30 kg/m 2 ).
Statistical Analysis Statistical analysis of donor characteristics was performed using analysis of variance, Kruskal-Wallis test, t test and
Mann-Whitney U test for continuous variables and the c 2 test and Fisher's exact test for categorical variables. The normal distribution of eGFR and urinary protein level data was confirmed by histograms. Linear mixed model analysis was used to examine whether the number of PCs affected the eGFR and urinary protein levels over time, where "case" was a random factor, "time" was a repetitive factor, and "the number of PCs" and "interaction with time" (defined as "time Â number of PCs") were used as fixed factors. To adjust for confounding factors, age and sex were included as covariates. The repeated measures covariance structure was a compound symmetry. The estimated marginal means and their standard errors and Figure 2 . Preoperative morbidity rates for hypertension, dyslipidemia, glucose intolerance, and obesity stratified by preoperative comorbidities. Bar graph comparing preoperative data between the study groups. MCLDs, medically complex living donors; PC, preoperative comorbidity.
95% confidence intervals were calculated and compared with respect to the number of PCs at each time point. The Bonferroni method was used to adjust for multiple comparisons.
Logistic regression analysis was used to examine whether the number of PCs affected biopsy results at 1 hour after transplant. To adjust for confounding factors, age and sex were incorporated into the model as independent variables. Survival analysis was used to determine whether the number of PCs influenced overall survival. The cumulative survival rate was calculated using the Kaplan-Meier method. To adjust for confounding factors, the effect of number of PCs was tested using log-rank tests stratified by age ($60 years or <60 years) and sex. All statistical analyses were performed using SPSS software, version 23.0 for Windows (IBM Corporation, Armonk, NY). For all analyses, a P < 0.05 was considered significant.
RESULTS
Study Population
A total of 807 living donors underwent kidney transplant procedures at our hospital during the study period. All 807 were recruited for this study. Five of the 807 donors (0.6%) did not attend the >5 months of follow-up, so were excluded from the analysis. The remaining 802 donors were followed for more than 5 months between January 2008 and December 2017 (median duration of follow-up: 56.0 months [interquartile range 26.8-83.0]), were enrolled in the study, and were included in the final analysis.
Follow-up Rate
Of the remaining 802 enrolled participants, 214 were categorized as HLD, 302 as MCLD (PC 1), 196 as MCLD (PC 2), and 90 as MCLD (PC 3) ( Figure 1 ). In total, 751 donors (93.1%) were followed for >5 months and assessed at least once after January 2016, whereas 51 (6.3%) were followed for >5 months but were not assessed after January 2016. Table 1 presents the characteristics of the study population. No significant differences were observed between HLDs and MCLDs (PC 1-3) in terms of donations to first-degree relatives, smoking history, number of endoscopic operations, operative duration, blood loss, Pathological Findings From Baseline Biopsies Based on observations from baseline biopsies that were obtained 1 hour after reperfusion, interstitial fibrosis, tubular atrophy, glomerulosclerosis, and arteriolosclerosis were identified more frequently in MCLDs (PC 3) than in HLDs (Table 3) .
Descriptive Data
Preoperative and Postoperative Medication
Preoperative and postoperative medications for HT, dyslipidemia, and GI of HLDs and MCLDs (PC 1-3) are shown in Figure 3 .
Postoperative Data Changes
Postoperative changes in donors' systolic and diastolic blood pressure, LDL cholesterol levels, triglyceride levels, HDL cholesterol levels, fasting glucose levels, HbA1c, and BMI are shown in Figure 4 . Supplementary Table S1 (unadjusted data) , Supplementary Table S2 (adjusted data), and Figure 5 show the pre-and postoperative changes in eGFR over time. In the adjusted data, no significant differences were observed between HLDs and MCLDs (PC 1-3).
Postoperative Renal Function
The decline in the DeGFR between preoperative and postoperative day (POD) 6 eGFR differed slightly between HLDs and MCLDs (PC 1-3), but this was not statistically significant ( Table 4 ). The difference in DeGFR from POD 6 (when eGFR was lowest) to each time point was not significant between HLDs and MCLDs (PC 1-3) ( Table 4) . Supplementary Table S3 (unadjusted data), Supplementary Table S4 ( The difference between preoperative and postoperative 24-hour urinary protein was significantly different between the HLD and MCLD (PC 2 and 3) groups (Table 5 ). However, the mean 24-hour urinary protein did not show overt proteinuria at any time point for any group (Figure 6 ).
End-Stage Renal Disease
None of the donors developed ESRD during the followup period.
Mortality
No significant differences in short-term mortality rates were identified between HLDs and MCLDs (PC 1-3) following stratification of the groups according to age or sex (Figure 7 ). Six donors died; deaths were due to prostate cancer in 1 HLD, colon cancer in 1 MCLD (PC 1), brain cancer in 1 MCLD (PC 2), amyotrophic lateral sclerosis in 1 MCLD (PC 2), multiple organ failure in 1 MCLD (PC 3), and abdominal aortic aneurysm rupture in 1 MCLD (PC 3). Supplementary Table S5 presents the characteristics of HLDs and MCLDs with HT and GI (denoted MCLD [HT and GI]). No significant differences were observed in smoking history, number of endoscopic operations, operative duration, blood loss, or duration of follow-up between the 2 groups. However, significant differences were observed in the number of donations to firstdegree relatives, mean age, and sex. Preoperative clinical data are shown in Supplementary Table S6 . Significant differences were identified between HLDs and MCLDs (HT and GI) for all parameters. The urine albumin/Cr ratio of both groups was <30 mg/gCr, although this was significantly higher in MCLDs (HT and GI). Based on the pathological observations of baseline biopsies, interstitial fibrosis, tubular atrophy, glomerulosclerosis, and arteriolosclerosis were identified more frequently in the MCLD (HT and GI) group than in the HLD group ( Supplementary Table S7 ). Supplementary Table S8 and Supplementary Figure S1 show the preoperative and postoperative eGFR changes over time. In the adjusted data, no significant differences were observed between HLDs and MCLDs (HT and GI). The DeGFR between preoperative and POD 6 rates was not significantly different between HLDs and MCLDs (HT and GI) ( Supplementary Table S9 ). The improvement in DeGFR from the lowest rate (observed on POD 6) at each time point was not significantly different between the 2 groups ( Supplementary  Table S9 ). Supplementary Table S10 and Supplementary Figure S2 show the changes in 24-hour urinary protein during follow-up. Changes of <0.2 g/ 24 hours were observed for all donors, with significant differences identified between the groups, from the adjusted data, at 60 and 72 months only. The values of D24-hour urinary protein were significantly different between HLDs and MCLDs (HT and GI) ( Supplementary Table S11 ), although overt proteinuria was not detected at any point in either group (Supplementary Figure S2) . No significant differences were identified in the short-term mortality rates of HLDs and MCLDs (HT and GI) following stratification of the groups according to age or sex (Supplementary Figure S3 ).
Comparison Between HLDs and MCLDs With Hypertension and GI
DISCUSSION
Recently, Kidney Disease: Improving Global Outcomes guidelines, as well as other guidelines, have recommended that kidney donations from MCLDs be allowed if they meet strict criteria both before and after donation. [12] [13] [14] The Japanese guidelines allow for a broader range of MCLDs compared with Kidney Disease: Improving Global Outcomes guidelines. 12, 13 This is because Japan has a low number of deceased donors; only 10% of kidney transplants originate from deceased people. 15 To enable a broader range of individuals to become living donors and to prevent the risk of ESRD, the Japanese guidelines include additional criteria to the Kidney Disease: Improving Global Outcomes guidelines and the criteria of the Amsterdam Forum. 12, 13, 16, 17 In this study, we included living kidney donors who met the Japanese criteria. Donors were categorized based on the number of PCs present, which included HT, dyslipidemia, GI, and obesity.
The mortality and ESRD risks are thought to be similar for living kidney donors as for the general population 1, 18, 19 ; however, findings from studies published in 2014 suggest that the risks of ESRD and mortality among living kidney donors are in fact higher than among the general population. 2, 3 The first of these studies, based on a Norwegian cohort, excluded MCLDs with PCs. 2 In the second study, based on an American cohort, the investigators matched living kidney donors with individuals from the general population. However, they were matched only for blood pressure and BMI as PCs. 3 In both reports, the risks of ESRD and mortality were described without extensive donor follow-up, consideration of administered medications, or management of PCs. Reports from other studies investigating the effects of metabolic syndrome on eGFR have not included details about follow-up duration or changes in metabolic syndrome over time. 6, 7, [20] [21] [22] [23] The Japanese guidelines recommend that living kidney donors are assessed regularly, and their health and comorbidities must be well managed. 6, 7, 14, 15 Without detailed investigations into donor management and treatment adherence during follow-up, evaluation of ESRD risk, mortality, and renal function cannot provide insight into the true effects of PCs in the context of kidney donation. Detailed investigations and powerful evidence (regardless of study size) can be obtained only with regular follow-up and the implementation of appropriate donor management protocols. The effects of individual PCs on the risks of chronic kidney disease, ESRD, and mortality in living kidney donors have been reported. [24] [25] [26] Coexisting PCs are often observed in clinical practice and it is known that coexisting, as well as individual, comorbidities contribute to chronic kidney disease risk in the general population. 27, 28 However, few studies have investigated the effects of multiple PCs on the risks of ESRD and mortality in living kidney donors. 7 For such investigations, we believe it is more appropriate to categorize living kidney donors according to the numbers of PCs to enable comparisons of the risks between groups rather than in relation to individual PCs. This study included 802 consecutive living kidney donors, with a median follow-up period of 5 years. Unlike studies from Norway 2 and the United States, 3 this study did not involve large numbers of donors. Nevertheless, this represents the largest study investigating the effects of the number of PCs on postoperative eGFR, ESRD risk, and mortality in living kidney donors. 6, 7, 23 Providing these donors with the option to attend follow-up meetings at local hospitals and private clinics (as well as at our hospital) may have contributed to the excellent follow-up rate. Data from living kidney donors who were followed up at other local hospitals and private clinics were sent to our hospital annually.
Our findings on the number of coexisting PCs in relation to age and sex suggest that female living kidney donors present with fewer PCs than male living kidney donors. Our data on systolic blood pressure, diastolic blood pressure, BMI, LDL cholesterol levels, HDL cholesterol levels, triglyceride levels, fasting glucose levels, and HbA1c values are presented as means without statistical adjustment, and groups were compared in terms of eGFR, urinary protein level, and mortality. Pathology findings from baseline biopsies as well as eGFR results and mortality rates were compared between HLDs and MCLDs (PC 1-3) after adjustment for sex and age due to the significant differences among the groups with respect to these variables. Findings from the pathology assessments of baseline biopsies provide insights into the condition of the grafts and the remaining kidney. Pathology findings were also statistically adjusted for age and sex, as biopsy results may have been influenced by these factors.
Some reports have described relationships between pathology findings from baseline biopsies and postoperative eGFR in living kidney donors with PCs 6,7,29 ; however, the numbers of patients included in these studies were small. We did not identify significant differences between HLDs and MCLDs (PC 1 and 2) with respect to pathology findings from baseline biopsies. In contrast, compared with HLDs, interstitial fibrosis, tubular atrophy, glomerulosclerosis, and arteriolosclerosis were more frequently identified in baseline biopsies from MCLDs (PC 3). This implies that PCs may cause pathological renal changes in MCLDs (PC 3) and lead to significant changes in the preoperative urine albumin/Cr ratio. 30 The significant differences observed in the kidney biopsies between HLDs and MCLDs (PC 3) are still suggestive of the increased long-term risk for the MCLDs, especially for the development of progressive chronic kidney disease, although eGFR changes were similar between the HLDs and MCLDs (PC 3). This implies that strict and robust follow-up with proactive management of PCs after donation are necessary.
In this study, kidney donors were assessed after organ donation. Because MCLDs (PC 3) had received medication before donation, their lifestyle changes and treatment regimens may have already been well established, which may explain the similar rates of preand postoperative drug administration. Patients in the MCLD (PC 1) and MCLD (PC 2) groups had not received medication before donation and were younger than those in the MCLD (PC 3) group. Morbidity rates increased with age as expected; however, the rates of postoperative medication administration were lower in MCLDs (PC 1 and 2) than the preoperative rate in MCLDs (PC 3), which may have been a result of regular follow-up and lifestyle education. 31, 32 The average systolic and diastolic blood pressure, BMI, LDL cholesterol levels, HDL cholesterol levels, triglyceride levels, fasting glucose levels, and HbA1c values of all donors were maintained within optimal ranges, 13 indicating that PCs were well managed during the follow-up period.
Although ESRD was not identified in any donor during the follow-up period, it is possible that this is because the follow-up period was very short. The lack of significant differences in decline in DeGFR between HLDs and any MCLDs may imply that rapid changes in eGFR after hemi-nephrectomy were not associated with baseline biopsy results. Furthermore, the results of improvement in DeGFR, which might be influenced by baseline biopsy results and the management of PCs after donation in the absence of overt proteinuria, may imply that appropriate management of comorbidities can contribute to the maintenance of renal function. After kidney donation, eGFR increases and postoperative urinary protein level tends to increase gradually after a temporary decrease 1 ; however, in this study, the average postoperative urine protein levels were notably lower than the diagnostic range for proteinuria. This may imply that the significant differences in D24-hour urinary protein that we identified between HLDs and MCLDs (PC 2 and 3) were not clinically important.
The deaths of donors due to prostate cancer, colon cancer, brain cancer, and amyotrophic lateral sclerosis are unlikely to have been related to organ donation; however, deaths from multiple organ failure and abdominal aortic aneurysm rupture may have been associated with donation. A previous study found that the cardiovascular-related mortality rate in kidney donors was significantly higher than in the general population 33 ; however, in this study, only 1 donor died of cardiovascular disease. This study has some limitations. First, this was a retrospective cohort study that investigated only the living donors. Second, the follow-up period was very short to sufficiently identify the significant differences and trends of mortality and ESRD. However, the findings do suggest that optimal management of comorbidities after donation may mean similar outcomes will be observed for MCLDs (PC 3) as for HLDs with no PCs. In addition, the impact of PCs on MCLDs with HT and GI was investigated. Further prospective randomized studies are required, investigating the differences in outcomes of living donors with PCs and the general population over an extended period, as significant differences in morbidity and mortality associated with ESRD are primarily observed after follow-up periods of $15 years. 2, 3, 34 In conclusion, appropriate management of MCLDs with PCs can result in renal function and short-term mortality rates that are similar to those observed for HLDs with no PCs.
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